A STHMA-RELATED MORBIDity and mortality continue to increase despite available treatment options. 1, 2 National guidelines recommend daily inhaled anti-inflammatory medications for all children with persistent asthma. 3 Such medications reduce asthma severity 4, 5 and prevent exacerbations leading to hospitalizations. [6] [7] [8] However, studies indicate that many children in the United States who should receive preventive medications are not receiving them. [9] [10] [11] The greatest underuse of preventive medications occurs among young children living in the inner city. [12] [13] [14] Practice guidelines for the management of asthma rely heavily on a stepwise approach in which medications are adjusted to maintain adequate asthma control. 3, 15 The effectiveness of this approach requires families to report significant symptoms to a health care provider and for the provider to respond appropriately. Therefore, adequate therapy for asthma requires accurate and timely communication and a partnership between families and providers. 16, 17 In a prior study, however, most primary care providers (PCPs) were unaware of the severity of their patients' symptoms, even when the patients had been recently seen in the office. Consequently, these patients did not receive appropriate preventive asthma therapy. 18 Among the children who were accurately identified by their provider as having mild persistent or more severe asthma, however, almost all received prescriptions for preventive medications. These findings suggest that when providers are aware of the frequency and severity of their patients' symptoms, they correctly follow care guidelines. Enhanced communication between patients and pro-viders regarding symptom frequency likely would improve the prescription of preventive therapy.
One method to assist PCPs in identifying gaps in care is to provide them with prompts to stimulate action regarding a particular clinical issue. Provider prompts have been effective in improving preventive care for various conditions. For example, provider prompts led to higher rates of breast cancer screening, 19 alcohol counseling, 20 and immunizations. 21 To our knowledge, no study has tested provider prompts as a method to improve preventive asthma care for urban children.
Schools provide an ideal site for asthma symptom screening in young children. The objectives of this study were: (1) to identify a group of children with persistent asthma by symptom screening through schools and (2) to test the effectiveness of a provider prompt to improve the prescription of preventive medications for these children. We hypothesized that systematic school-based asthma symptom screening, coupled with PCP notification of severity, would prompt PCPs to take preventive medication action (prescribe a new preventive medication or change the current preventive medication dose) and subsequently increase the proportion of children receiving adequate preventive care. If effective, this relatively simple intervention might be sustained through existing resources of school health systems.
METHODS

SETTING AND PARTICIPANTS
During the 2002-2003 school year, parents of 3-to 7-year-old children entering the Rochester City School District completed a routine school health and development form that inquired about chronic diseases, including asthma. Parents who indicated asthma on their child's school health form were contacted by telephone to assess their child's eligibility for the study.
To be eligible for participation, the child's parent needed to report that a physician had diagnosed their child as having asthma. In addition, children's symptoms needed to be consistent with mild persistent to severe persistent asthma according to the National Heart, Lung, and Blood Institute (NHLBI) guidelines. 3 Therefore, children were required to meet at least 1 of the following 2 symptom criteria: (1) an average of more than 2 days per week with asthma symptoms or (2) more than 2 nights per month with symptoms. Parents of eligible children who wanted to participate provided informed consent over the telephone, and a copy of the consent form was mailed to the parent. The University of Rochester Institutional Review Board and the Rochester City School District's Department of Research, Evaluation, and Testing approved the study protocol.
ENROLLMENT AND RANDOMIZATION
Following the consent process, parents completed a baseline telephone interview that inquired about sociodemographic characteristics, their child's asthma severity, and medication use. We assessed asthma severity by asking the parent how many days a week during the past 4 weeks their child had daytime and nighttime asthma symptoms. Acute visits were assessed by asking the parent how many times their child needed emergency medical visits for asthma during the past 12 months. If any emergency medical visits occurred, parents were asked to specify how many were to the physician's office and how many were to the emergency department. In addition, parents were asked how many times their child had been hospitalized for asthma in the past 12 months, and what medications their child was taking for asthma.
At the conclusion of the baseline interview, children were randomized into either the provider notification group or the control group. Randomization was stratified by use of preventive medications at baseline and was blocked in groups of 6. Randomization cards were made from a table of random numbers and were kept in sealed, opaque, sequentially numbered envelopes until after the baseline assessment was completed.
Provider Notification Group
Primary care providers of children in the provider notification group were sent a letter by facsimile, signed by the principal investigator (J.S.H.), indicating the number of days the child experienced daytime and nighttime symptoms during the past 4 weeks and the number of emergency medical visits for asthma during the past 12 months. The letter also included a copy of the 2002 NHLBI guidelines for asthma management and a recommendation to consider medication action based on the child's current therapy. In addition, providers of children in the provider notification group were asked to complete a 2-page survey about the child's asthma history and current medication use based on their knowledge of the child and review of the child's medical records. To confirm that providers actually received and read the prompt, we sent the survey in the same transmission with the prompt and asked them to return this survey to our study team by facsimile. If a return facsimile was not received within 2 weeks of sending the original prompt, the study team placed a reminder telephone call to the office and sent a new copy of the prompt if needed.
Control Group
For children assigned to the control group, PCPs were not contacted. Parents of children in both groups were notified of their child's asthma severity at the telephone interview, and recommendations were made for them to speak with their child's provider about their child's asthma symptoms.
ASSESSMENT OF OUTCOME MEASURES
Interviewers blinded to the child's group assignment called parents 3 to 6 months after randomization to assess the outcome measures for this study. Parents were asked whether they had made contact with their PCP, and whether a new preventive medication was prescribed or the dose of a previously prescribed preventive medication was increased since the date of the child's enrollment into the program. Primary care providers of children in both groups also were surveyed during this same period. These surveys inquired about contacts with the patient, prescriptions or changes in medications, and other preventive measures, including encouraging compliance with preventive medications, discussion of environmental triggers, or referrals to an asthma or allergy specialist. Providers of children in the provider notification group also were asked to respond to an open-ended question inquiring whether they thought the information provided in the prompt was helpful.
Because all of the children enrolled in this study had persistent asthma symptoms, each should have been using a daily preventive medication according to national guidelines. For those children already using a preventive medication, an increase in dose or an additional preventive medication was indicated because persistent symptoms continued to occur in these children. Therefore, we defined a preventive medication action as either a new prescription of a preventive medication or an increase in dose of a current preventive medication. If either the parent or the provider described a new medication or a change in medication, then we assumed for study purposes that a preventive medication action had been taken.
Asthma severity was assessed at follow-up by asking the parents the number of daytime and nighttime symptoms their child had during the past 4 weeks. The follow-up survey also inquired about acute visits (to the physician's office and emergency department) and hospitalizations since the baseline interview.
ASSESSMENT OF COVARIATES
Independent variables included the child's age, sex, race (defined as white, black, or other), and ethnicity (Hispanic or not Hispanic), Medicaid insurance, parent education (Ͻhigh school or Նhigh school degree), and parent age (Ͻ30 or Ն30 years). Provider variables included the length of time the child had been a patient at the office (Ͻ6 or Ն6 months) and the provider's specialty (pediatrics or other). We defined children as using a preventive medication if they described using a preventive antiinflammatory medication (inhaled corticosteroid, cromolyn sodium or montelukast sodium).
ANALYSIS
All subjects were kept in their originally assigned treatment groups for analysis. Subjects missing both a parent and provider follow-up survey were excluded from analysis (n=1). Analysis was performed using a commercially available software program (SPSS, version 11.5; SPSS Inc, Chicago, Ill). t tests and 2 tests were used to compare outcomes between the 2 groups. Multiple regression analyses were performed to predict preventive medication action, controlling for potentially confounding variables. PϽ.05 was considered statistically significant.
RESULTS
Seven hundred children entering the school district were identified as having symptoms of asthma on their school health forms, and 593 were assessed for eligibility. We were unable to contact 107 families. Four hundred twentynine children were ineligible, and the remaining 164 children had mild persistent to severe persistent asthma and were eligible to participate (Figure) . Thirteen children were not enrolled because of parent refusal (n=9), lack of a primary care physician (n=2), or lack of parental response (n=2). One hundred fifty-one children were enrolled in the program, for a response rate of 92.1%. Seventy-four children were randomized into the provider notification group, and 77 were randomized into the control group. Seventytwo different PCPs were identified for the group of children, and 19 PCPs had patients in each treatment arm. Of providers in the provider notification group, 90.0% confirmed receipt of their prompt with a returned facsimile.
One hundred fifty children had data available for analysis for the primary outcome (73 in the provider notification group and 77 in the control group). We were able to include data for a particular subject if a follow-up was completed with either the parent or the provider. The overall response rate for parental follow-up interviews was 92.6% (93.2% of children in the provider notification group and 92.2% of children in the control group). The response rate for the follow-up provider surveys was 91.3% (89.0% of children in the provider notification group and 93.5% of children in the control group). For subjects with provider and parent follow-up data available, responses for the primary outcome agreed 89.8% of the time. Of the follow-up surveys, 94.3% occurred between 4 and 5 months after the baseline survey, and the amount of time until follow-up was the same for children in both groups. Table 1 describes the demographic characteristics for the children and parents in the study. Of the 150 children, 58.0% were boys, 59.3% were black, and 66.7% received Medicaid insurance. At baseline, children in the provider notification group and children in the control group were similar with respect to demographic characteristics and asthma severity. In addition, there was an equal proportion of children in both groups who were receiving daily preventive medications at baseline. Table 2 shows the proportion of children with preventive actions taken during the study period for the 2 groups. The children in the provider notification group were not more likely to have received a preventive medication action (either a new prescription of preventive medication or a change in medication dose) compared with the children in the control group. Similarly, there were no differences between the 2 groups of children on other preventive measures. Specifically, when compared with PCPs of children in the control group, providers of children in the provider notification group were not more likely to encourage compliance with medications, recommend environmental modifications, request a follow-up visit for asthma, or refer the children for specialty care for their asthma. At follow-up, 52.4% of children in both groups with no medication changes were still experiencing persistent symptoms. Because we assumed that health care contacts would be necessary for a preventive medication action to occur, we considered whether the intervention prompted contacts with the PCP. Table 3 shows the parents' report of health care use for the children in the provider notification group compared with the children in the control group. Overall, most (82.1%) children had contact with their PCP during the study period; the children in the provider notification group were not more likely to have contact compared with the children in the control group. Approximately one third of the children in each group had an acute visit for asthma, and there were no differences between the 2 groups on these measures. If children did not have contact with a health care provider during the study period, they were unlikely to receive an alteration in their preventive medication. Among children with no contact reported, only 8.0% had a preventive medication action taken.
A logistic regression analysis was performed to identify factors independently predicting a preventive medication action. All covariates included in the model are shown in Table 4 . The only factors that significantly predicted the occurrence of a preventive action were acute visits for asthma and baseline use of preventive medications. Those children with 3 or more acute visits for asthma during the past year were more likely than children with fewer visits to have a preventive medication action taken. In addition, those children who were using a preventive medication at baseline (at a suboptimal dose) were more than 3 times as likely to have a preventive medication action taken compared with children who were not using a preventive medication at baseline. Sociodemographic characteristics, provider factors, and treatment group allocation were not associated with the occurrence of preventive medication actions.
Last, in an attempt to better understand the reason why the prompt was ineffective, we compiled the open-ended responses from the providers in the provider notification group regarding the following question, "Was the information in the original notification helpful?" Of the 73 providers in this group, 27 (37.0%) responded. The most common comment, offered by 10 providers, was that the prompt helped by increasing their awareness of the child's symptoms. Of these 10 providers, 7 made a preventive medication change. Another 9 providers, who believed that their own assessment revealed mild intermittent rather than persistent symptoms, made no medication changes. The remaining 8 respondents mentioned that the child was already using a preventive medication that did not warrant change (n=4) or that they were unable to contact the family to schedule a follow-up visit (n=4).
COMMENT
This study evaluated school-based asthma symptom screening with provider prompting as a method to im- prove the prescription of preventive medications for urban children with asthma. Our screening method proved highly effective in identifying many children with persistent asthma symptoms who warranted more intensive management of their disease according to NHLBI guidelines. However, we found no evidence that provider notification increased the likelihood of improving preventive care. More than half of the children continued to have mild persistent or more severe asthma symptoms at the follow-up assessment, and most had no changes to their medication regimen.
A number of studies have evaluated provider prompting as a means to improve preventive care. Several, which involved prompts regarding issues such as smoking status, 22 vaccination needs, 21 or mammography screening, 19 had positive outcomes. However, few studies have evaluated prompting as a means to improve care for asthma. Shiffman and colleagues tested the usefulness of a handheld computer to prompt physicians about the American Academy of Pediatrics' guidelines for office management of acute asthma. 23 Physicians who received this prompt followed care guidelines better than unprompted physicians, suggesting that immediate access to national guidelines could increase the use of recommended care practices by physicians.
The present study was designed to test a system that used a preexisting screening mechanism used throughout an entire city school district, combined with a simple prompt to the PCP. We ensured that the facsimile was brought to the attention of the PCP by requesting a return facsimile, and received confirmation of receipt from 90.0% of providers. In addition, the widely endorsed NHLBI guidelines for the management of children with asthma were included with the prompt.
There may be several reasons why this prompt was ineffective. First, some providers related that they did not agree with our assessment of the child's asthma severity, or believed that the symptoms elicited in our survey were transient. Our study team was trained to inquire about asthma symptoms with systematic questions based on NHLBI guidelines, and providers may not have used the same method of inquiry.
Second, given other known barriers to adherence to asthma preventive care guidelines, the prompt may not be sufficient to elicit a change in physician behavior. Contributing factors include a potential lack of familiarity with the guidelines, concerns about adverse effects of corticosteroids, and confusion regarding guideline implementation. [24] [25] [26] [27] [28] In this study, some of the providers seemed to misunderstand the guidelines because they suggested in their comments that changes in preventive medications were not warranted if the child already was using a preventive medication.
Third, in contrast to most of the successful studies of provider prompting, our prompt was delivered at a time when the patient was not physically present in the office. Providers may need contact with the family and the realization that preventive medication action is warranted at the time of the contact. While most children in both groups had contacts with their care providers at some point during the study period, there were no differences between the groups in the proportion of children having contacts with their PCPs. These contacts likely did not result from prompting, and recognition that preventive action was warranted at these contacts did not result from study procedures. Because asthma symptoms vary over time, it is possible that the children's persistent symptoms that were described at baseline had diminished by the time contact occurred. The validity of this explanation is brought into question, however, by the fact that most parents at follow-up interviews still described persistent symptoms.
It is not surprising that the children with multiple acute visits for asthma were the most likely to have a preventive medication action taken, because the acute visits themselves may attract the attention of the care provider and elicit a change in their care regimen. In addition, the children already using a preventive medication at baseline were more likely to have a change in medication occur during the study. Neither of these consequences was influenced by provider prompting. 
LIMITATIONS
Limitations include the fact that blinding of parents and PCPs to the allocated treatment group was not possible. Therefore, self-reported responses could have been biased by parents or providers, assuming that they were receiving or providing enhanced preventive care. However, because no differences were found between the 2 groups, it is unlikely that this bias played a significant role in the findings. Second, the children included in this study were young, and it is possible that providers are more reluctant to prescribe preventive medications for young children. Third, some providers had children in both treatment arms of the study. The prompts for children in the intervention group possibly could have altered management for patients in the control group. However, most subjects had no change in their treatment regimen, so this potential conservative bias did not lead to heightened treatment in both groups. Last, only urban children in Rochester were included in this study, therefore limiting the ability to generalize to children and providers in similar settings.
IMPLICATIONS
Many children continue to be undertreated for asthma, [9] [10] [11] especially young children living in the inner city.
12-14 This study tested the effectiveness of information transfer to narrow the communication gap between patients and providers about asthma symptoms. We were able to use an existing school health screening program to identify many children with persistent asthma symptoms, and to relay that information to each child's PCP. It seems, however, that solving the problem of undertreatment requires more than the transfer of information about severity classification. Findings suggest that more powerful interventions are needed to make systematic asthma symptom screening effective in changing treatment. These might include more aggressive case management (eg, contacting families on multiple occasions to assess ongoing symptoms and to encourage physician contact), more timely prompting of physicians (eg, a reminder about asthma screening results at the next office contact), and ongoing education in primary care practices regarding implementation of the guidelines for asthma care. Further study is needed to determine whether an effective prompting method can be devised to complement the efficiency of the school-based screening. 
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